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ěřǀƯŶǀĥƺƫƺƽ��Ư�ƵŵŚƠŤſř�ƾ�ŵƺƃ�ƁƹŹ���ŚƷƽ����Ţºſř����Śě�źºŝ�ƶºĩ�ºƿƶ��ƽ�

PCR��Ư�ŹřƺŤſř�ƾ�ŶƃŚŝ���é��ƿ�ºĪƾ��ř�Żř��ºƿƴĪţ�Ʋ�ºǀĨ��ŚºƷƴĪţ��ǀ�ºĪƾ�
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�Ţººſř�ƵŶººƴĩřźě�MIRU-VNTR���ººƯ�šŹƺººƇƾ�ĭººǀŵź��ê��� �

MIRU�Mycobacterial Interspersed Repetitive Unit)�(��ƫřƺºţƾ��ŚºƷƽ�
ŵƹŶů�Źŵ�éåŚţ�æåå�bp��(Base Pair�����ƹ�ŵřŶºƘţ�ƶºŝ�ƶºĩ�Ţſř

ƫřƺººţƾ�ŚººƷƽŹ�ƞººƬŤŴƯ�ƹƽƱŚººĪƯ��ŚººƷƽººƘƯ�ǀƹŹ�Źŵ�Ʋƽ�ƭƺººƳĥ�
ŚƯƿźŤĩŚŝƺĪƿ��ŶƳŹřŵ�Źřźƣ�ƭƺ����ƱƺƴĩŚţéæ���ƫřƺºţ�ŵŹƺƯ�ƾ�MIRU���źºŝ�
ƹŹƽŚƯ�ƭƺººƳĥ�ƿźŤĩŚººŝƺĪƿŻƺººƬĩźŝƺţ�ƭƺƿƺººſ�žƿƶ�ƽ�H37Rv�

�ƵŶƃ�ƆŴƄƯ�Ţſř���ë���żƯ�ƿ���ř�Żř�ƵŵŚƠŤſř�Ţƿ�ƴĪţ�Ʋ�ºǀ�Ŷū�Ĩ�ºƿ�Ŷ
��Źŵěř�šŚƘƫŚƐƯǀƯŶǀĥƺƫƺƽ�ƫƺºĪƫƺƯ�ƾ���ƴĪţ�ƶºŝ�ŢŞƀºƳ��ºǀ�ŚºƷ�Ĩƽ�
ŵƿ��ř�Źŵ�źĮƿ����ƠŤſř�Śŝ�ƶĩ�Ţſř�Ʋ���Żř�ƵŵŚƿ��ĨPCR����ºƯ�ƵŵŚºſ�ƾ���Ʊřƺºţ

ƺĮƫřƽ�ŚƷƽ�ŤƳĥ�ǀĪƾ����Źŵ�řŹ�ƿ�ƶƤƐƴƯ�Ĩ�������ƹ�ŵřŵ�Źřźºƣ�ƶºƘƫŚƐƯ�ŵŹƺƯ���
żǀƳ�ţǈĪƄƯ�ƾ��Şƣ�Żř�ǀƪ�Ƹţ�ǀƶ��ƽ�ĩ�ǀŢ�ŚƷƽ��ŹŚºŬţ�ƽ������ŹřŶºƤƯ�ŵƺºŞưĩ

DNA����ƶƳƺưƳ�Żř�ƵŶƃ�řŶū��ŚƷƽ�ƹ�ƶƘƫŚƐƯ�ŵŹƺƯ�żƷ�ƝźƇƿƶƴ�ŚƷƽ�

Įƴſǀ���ƱŚƯŻ�ƅŚƈŤųř�ƹ�Ʋ�ŚƷƽ�ƳǇƺƏ�ƾ�řźŝ�ƽ�ř�ƿƲ����šŚºƘƫŚƐƯ�ƶƳƺĭ
ěřǀƯŶǀĥƺƫƺƽ�ƹ��Ƴ�ŵƺū�Ţƃřŵ�ŶƷřƺŴ��è����ř�Źŵ�ƝŶƷ�ºƿ���ƶºƘƫŚƐƯ�Ʋ
ŚƤƯƿƶƀ��ƽ��ƺĮƫř�śŹŚƤţ�ƽ�ŚƷƽ�ŤƳĥ�ǀĪƾƺſ�ƿƶ��ŚºƷƽŚƯ�ƿ�źŤĩŚºŝƺĪƿ�ƭƺ

ŻƺƬĩźŝƺţƿ����ŝ�Żř�ƵŶƃ�řŶū�žǀ�����ƴĪţ�Żř�ƵŵŚƠŤſř�Śŝ�ƩƺƬƀƯ�ƱřŹŚư�ºǀĨ� �
MIRU-VNTRƯ�ƾ�ŶƃŚŝ����

��
ƁƹŹƾſŹźŝ���
�������ƲƿřƶƘƫŚƐƯ������Ʀºƿ�ƶºƘƫŚƐƯ��ƽ��ºƇƺţ�ǀƠƾ�ƬŰţ�ǀ�ºƬƾ��ŵƺºŝ���æéå�

��ƺºſ�ƶƳƺưƳƿƶ��ƽ�ŚƯ�ƿ�źŤĩŚºŝƺĪƿ��ŻƺºƬĩźŝƺţ�ƭƺƿ����ºŝ�ƶºĩ�ž���šŹƺºƇ�ƶ
ƟŵŚƈţƾ��ŝ�Żř�ǀ���ƩƺƬƀƯ�ƱřŹŚư��Ə�Źŵ�ƶĩƾ�ƩŚſ���ŚºƷƽ�íê����Śºţíë���ƶºŝ

ŝǀƀƯ�ƱŚŤſŹŚưǀŹƺƄƳřŵ�ŮƽŶƳŵƺŝ�Ƶŵźĩ�ƶƘūřźƯ��ŻŚſřŶū�ƽŶƃ�����
ů�ŢƀţſŚƀǀƹŹřŵ�Ţƿƾ��Ƶƹźĭ�ơřźŤƟř�ŚƷƽ�MDR��Non MDR�

��������ŞſŚƴţ�Ţƀţ�Żř�ƵŵŚƠŤſř�Śŝ�ŚƷƹŹřŵ�ƶŝ�ŽŚƀů�ƹƾ��ŢƟźĭ�šŹƺƇ���
�ř�Źŵƿ���ŰƯ�ƶŝ�Ţƀţ�Ʋǀ�ŢƄĩ�Ǝ�ŚŤƄƳƺƫ�ƿƲ����ƲƀƳŚū���ƹŹřŵ�ŹŚºƸģƽ�

ƬºººƇřƾ�Ʃƹř�Ǝºººų�]ř�ƶºººŝ�ŢºººƯƹŚƤƯ�ŽŚºººſř�źºººŝƿƳƹżǀŻŚºººƿŶ� �
�ç�å�ŚƯ�ƿ��Ư�źŝ�ƭźĭƹźĪǀƬƾ�ƫǀ�źºŤ��Ź��ƿ�ĜƯŚºƠǀ��Ʋ�éå��ŚºƯ�ƿ���źºŝ�ƭźĭƹźĪ
ƯǀƬƾ�ƫ�ǀźŤ��ŚƯƺŤěźŤſř���ºƿƀǀ��Ʋ�æå��ŚºƯƿ���Ư�źºŝ�ƭźĭƹźĪǀ�ºƬƾ�ƫǀ�źºŤ���ƹ

��ƩƺţƺŞƯŚţř�ç�ŚƯ�ƿ��Ư�źŝ�ƭźĭƹźĪǀƬƾ�ƫǀźŤ��[�����ŞºſŚƴţ�ƁƹŹ�ƶºŝ�ƾ����Śºŝ�ƹ�
ŢƔƬƛ�ŚƷƽ�ƘƯ�ǀ�Ɵř�Ʋ�Ŷƃ�Ƶŵƹż��ŚŤƳƿ����ſŚƀºů�Ţƀºţ�Ūǀ�ƹŹřŵ�Ţ�ºƿƾ�
���Żř�žěèí��ƤƬţ�ŻƹŹ�ǀ��Ŷƃ�Ţŗřźƣ�Ů���ƴƬĩ�ŵřŶƘţƾ���ƹŹ�źŝ�ŚƷƽ���ŮƐºſ�

ŰƯǀ�ŚŤƄƳƺƫ�ƎƿƲ��ƲƀƳŚū����ſŚŝ�ŵřŶƘţ�ǀƪ�ŚƷƽ�������řŹ�ƹŹřŵ�ƶºŝ�ƭƹŚºƤƯ�
��ƆŴƄƯƯƾ�ŵźĩ�����ƺſ�ƩŚŨƯ�ƱřƺƴƗ�ƶŝ�ƿƶ�ŚƷƽ�MDR���ƺºſƿƶ��ŚºƷƽ�

MDR�ƺſ�ƿƶ�ŚƷƿƾ���������ƹŹřŵ�ƹŵ�ƶºŝ�ƪƣřŶºů�ƶºĩ�ŶƳŵƺŝ�ƽ����Ʃƹř�Ǝºų�
řƿƹżƳǀŻŚƿŹ�ƹ�ŶƿƠĜƯŚǀŶƳŵƺŝ�ƭƹŚƤƯ�Ʋ����ƺºſƿƶ��ŚºƷƽ�Non MDR�

ƺſƿƶ�ŚƷƽ��������ƹŹřŵ�ƶºŝ�ŚºƸƴţ�ƶºĩ�ŶƳŵƺŝ�ƽ�ř�ƿƳƹżǀŻŚ�ºƿ�����Ʃƹř�Ǝºų�Źŵ�Ŷ
��ŶƳŵřŵ�ƱŚƄƳ�ŢƯƹŚƤƯ��ƺſƿƶ�ŚƷƽ�XDR�ƺſ�ƿƶ�ŚƷƿƾ���ŶƳŵƺŝ���ƶĩ�Źŵ

�ſŚƀů�Ţƀţǀ�ƹŹřŵ�Ţƿƾ��ŚƷƹŹřŵ�ƶŝ�ƽ����ĩƹŹƺƬƟ�ƹ�Ʃƹř�Ǝų�ǀƱƺƴ��ŚƷ
��ƹƿĪƾ����ƹŹřŵ�ƶºſ�Żř�ƽ�Ưōǀ�ºſŚĪǀ�ŚƯƹźĜĩ��Ʋ�ºƿƀǀ��ŚƯŚƳŚĩ�ƹ�Ʋ�ºƿƀǀ�Ʋ

�ƺŝ�ƭƹŚƤƯŶƳŵ��ƹ��ŵŹƺƯ�Źŵ��ƺſ�ƿƶ�ŚƷƽ�ŽŚƀů�������Ţƀºţ�Źŵ�ƹŹřŵ�ƶºŝ�
ſŚƀůǀ�ƹŹřŵ�Ţƿƾ��ƹŹ�źŝ�ƽ�ŰƯ�ǀ�ŚŤƄƳƺƫ�ƎƿƲ����ƲƀƳŚūƷǀ��ĢƴƬĩƾ�
źŤĩŚŝ�ŻřƽŵźĮƳ�ƵŶƷŚƄƯ�ƿŶ����
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ř��ũřźŴŤſDNA��DNA����ƁƹŹ�ƶºŝ�CTAB-Nacl�ŻŚºſřŶū�ƽ�
Ŷƃ������ƶƇǈų�ŹƺƏ�ƶŝƿ���ƳƺƬĩ�Żř�ęƺƫ�Ĩƾ�ŚƷƽ�����ƹŹ�źºŝ�ŵƺºūƺƯ�ƽ�
ŰƯǀƎ�ŚƷƽŚŤƄƳƺƫ�ŢƄĩ�ƿƲ��ƲƀƳŚū��Lowenstein � Jensen��

ƶŤƃřŵźŝ����ƶƫƺƫ�ƪųřŵ�Źŵ���ƽ��ƹŚů�ƲĪƫŚƟ�ƽ���ƩƺƬŰƯ�TE(1x��ƶƟŚƋř�
ŵƺưƳƿƮ���ƶºƳƺưƳ������Źƹŵ�Źŵ�ŚºƷrpméêåå��řźºŝ�ƽ��šŶºƯ��æå�ƣŵ�ǀ��ƶºƤ
źŤƳŚſƿƠǀ�ƹ�ĥƺ�žĜſ��æåå��ŚºƯ�ƿƫƹźĪǀźŤ�ƫ��ºǀŻƹżƿ���ŵźĭ�ƶƟŚºƋř�Ʈ�ºƿŶ��
ƶƳƺưƳ�ŚƷ����šŶƯ�ƶŝ�çé���ŚƯŵ�Źŵ�ŢƗŚſ�ƽ�èì�ƶūŹŵ����ƾŤƳŚºſ�ƽ����ŵřźºĭ

ŶƳŶƃ�ƶŝƺĪƳř��žĜſ�ŹřŶƤƯ�ƶŝ�ìåŚƯ�ƿƫƹźĪǀŤ�ź SDSìå��ŶºƇŹŵ�
�ƹê�ç�ŚƯƿƫƹźĪǀźŤ� Proteinas K�ƶºƫƺƫ�ƶŝ����Żř�žºě�ƹ�ƶƟŚºƋř�ŚºƷ� �
æç���ŚƯŵ�Źŵ�ŢƗŚſ�ƽ�êê�ƶūŹŵ���ƽ�ŤƳŚſ�ƾ���ŵřźĭæåå�ŚƯƿƫƹźĪǀ��źŤ�Żř

ƩƺƬŰƯ� Naclê�ŹǇƺºƯ�ƹ��æåå�źŤǀƫƹźĪƿŚºƯ��CTAB�Ʊō�ƶºŝ����ŚºƷ
ŵźĭ�ƶƟŚºººƋřºººƿŶ��ƶºººƬůźƯ�Źŵ�ƽƹŹ�ƩƺºººƬŰƯ�ƶºººŝ�ŶºººƘŝ�ºººƿƾ� �

ìêå�ŚƯƿƫƹźĪǀ��źŤ��ř�ƭƺºƟƹźƬĩƿƯōƹż�ºǀ����ƟŚºƋř�ƪºĪƫř�ƪ��Ŷºƃ�ƶ���řźºŝƽ�
��śƺſŹDNA��ř�Żř�ƿ���ŵźĭ�ƵŵŚƠŤºſř�ƪƳŚěƹźěƹż�ºƿŶ�����ŹřŶºƤƯDNA�

ŝƶ����źŤƯƺŤƟƹźŤĪĜºſř�Ǝºſƺţ�ƵŶºƯō�Ţſŵƽ�śŸºū�Źŵ�260-280 �
ƵŻřŶƳř�ĭǀźƽŵźĭ�ƿŶ��ì����

Ƃƴººĩřƹ�ŚººƷƽŬƳŻ�ººǀƵź�řƽMIRU-VNTR ��Ƃƴººĩřƹ�ŚººƷƽ�
ŬƳŻºººǀƵź�řƽƬě�ǀŻřźºººư�MIRU-VNTR�Źŵ�ºººƿ�ƮºººŬů�Ĩçê�
ŚƯƿƫƹźĪǀźŤƽ��ĪƄºţ�ǀ�ŵźĭ�ƪ�ºƿ����ƶºĩ�Ŷê��ŚºƯƿƫƹźĪǀźŤ��ō�Żř��ƹŚºů�Ʊƽ�
řźěƿŚƷźưƽ�ƇŚƈŤųř�ƾ�Ư�ƾ����ƶĩ�ŶƃŚŝ��ſ�Ţĩźƃ�Ǝſƺţǀ���żŤƴºſ�ƱĥŚƴ

���ŵƺŝ�ƵŶƃ��ƹ����ƵŹŚưƃ�ƩƹŶū�Źŵæ������Ţºſř�ƵŶºƃ�Ƶŵřŵ�ƱŚƄƳ�����ƮºŬů
ƣŚŝƾ�ŵ�ƵŶƳŚƯƿ��ƹŚºů�źºĮƽ�MgCl2�ìê�å�Ưǀ�ºƬƾ�ŹǇƺºƯ���d NTP�
ê�å�ŚºººƯƿƫƹźĪǀźŤ��10x PCR Buffer�ê�çŚºººƯ�ƿƫƹźĪǀźŤ 

�ƹTaq�DNAƬě�ǀ�Żřźººưæê�å�ŚººƯƿƫƹźĪǀ�źŤŵƺººŝ��Ƃƴººĩřƹ�ŚººƷƽ�
ŬƳŻ�ºǀƵź�řƽƬě�ǀ�ŻřźºưMIRU-VNTR �Źŵ�èê�ºſ�ǀ�šŹƺººƇ�ƪĪ

ŢƟźĭ��í����ƶºƬůźƯ���ƽ�Denaturizing����ŶºƯ�ƶºŝ���šê�ƣŵ�ǀ��Źŵ�ƶºƤ� �
îéƶūŹŵ��ƽŤƳŚſ�ƾ��ŵřźºĭ�ƶºƬůźƯ���ƽExtension ��ìç�ƶºūŹŵ��ƽ�
ŤƳŚſƾ����šŶºƯ�ƶºŝ�ŵřźĭæå���ƶºƤǀƣŵ�ƶºƬůźƯ�ƹ�ƽAnnealing ��ƶºŝ�
ţźţǀ�řźŝ�Ŝƽ�Žƺĩƺƫ��ŚƷƽ�ç���é���æå���æë���çå���çè���çé���çë���çì��
èæ���èî���ƹ�éå���ƶƧšŹŚŞƗ�ŵƺŝ���Żř�ŶºƳ��æ�ëæ���ë�ëå���æ�ëé���ë�ëì��
æ�ëé��è�ëé��å�ëê��è�ëé���è�êí���å�ëè�ƹ�î�ëæƶººŝ��šŶººƯ�æ�

ƣŵǀ���ƹ�ƶƤèå�ƳŚŧ�ǀ�ŝ�ƶƺŵ��ƵŚĮŤſŵ�ŚƷƽ�ŚſƺƯźţ�ƿ����Źŵ�ƵŵŚƠŤſř�ŵŹƺƯ�źƬĪ
�ŬƳŻ�ƂƴĩřƹǀƵź�řƽ�Ƭě�ǀ�ř�Żřźưƿ���ƶƘƫŚƐƯ�Ʋ�����Ţĩźºƃ�ƶºŝ�ƢºƬƘŤƯ��ŚºƷƽ�

Astec�ƹ�Techŵƺŝ�����
ƵƺŰƳ�ƽƘţ�ǀǀƺĮƫř�ƲƽŤƳĥ�ǀ�ºĪƾMIRU-VNTR �ƺºſ�ƿƶ��ŚºƷƽ�
ŚƯƿźŤĩŚŝƺĪƿ�ŻƺƬĩźŝƺţ�ƭƺƿž���ř�Źŵƿ���řźºŝ�ƶƘƫŚƐƯ�Ʋƽ�Ź��ºƿƶƄ��ºƿŝŚƾ�

ƶºººƤƐƴƯ�řƽƺºººſ�ƿƶ�ŚºººƷƽŝ�Żř�ƵŶºººƃ�řŶºººū�ǀƱřŹŚºººưƺºººĮƫř��ƽ� �
æçººſƺĩƺƫ�ƾ�MIRU-VNTR�Ƹţººǀŵźĭ�ƶººƿ�źººƷ�Ʊō�Źŵ�ƶººĩ�Ŷ

�����ƫřƺţ�ŹřźĪţ�ŵřŶƘţ�ŽŚſř�źŝ�Žƺĩƺƫƾ�MIRU�řźŝ�ƽ����ƺºſ�źºƷ�ƿ�ƶ
�ƹŹ�źŝƽ��ŻƹŹŚĭō�Ʃĥ��ŚƟƹźě�ƿ�ƇŚƈŤųř�ƪƾ����źĩ�Ŝƀĩ�řŹ�ŵƺų�ŵ����ƶºŝ

����řźºŝ�ƩŚºŨƯ�ƱřƺƴƗƽ����ƺºſ�źºƷ�ƿƶ��ƽ����ŵŹřŶƳŚŤºſř�H37Rv�ŚƟƹźě��ºƿ�ƪ
���ţźţ�ƶŝ�ƵŶƃ�ƆŴƄƯǀ��Žƺºĩƺƫ�Ŝ��ŚºƷƽ�ç���é���æå���æë���çå���çè��

çë��çì��èæ��èî�ƹ�éåšŹŚºººŞƗ�Żř���ç��è��è��ç��ç��ë��æ��è��è��
è���ç���ƹ�æ��ŝƺŵŶƳ����ƩƹŶūæ���ê����ƺºĮƫř�ƽ��ƯŚºƟ�ǀƬƾ��ƺºſ�ƿƶ�����ƶºŝ�ŚºƷ
ſƹǀƶƬ�ƽƶƯŚƳźŝ��ƽŹřżƟř�ƭźƳ�ƽ�śƹ�ŢºŰţ��MIRU-VNTR plus�

�ŵźĭ�ƶŞſŚŰƯƿ�ƺĮƫř��Ŷƽ�ŤƳĥ�ǀĪƾ��ƺſ�źƷ�ƿ�����ƹ�ƶƳŚĭřŶū�šŹƺƇ�ƶŝ�ƶ
��ŚŝID�ƇŚƈŤųř�ƾ���Śſ�ƶŝ�ŵƺų�ƿ��Ŷƃ�Ƶŵřŵ�Ţ��Śſƿ���Ƴ�žƳřźºƟŹ�Ţ�ºǀ�ż

ƺĮƫřƽ�ŤƳĥ�ǀĪƾ�Źŵ��ºƿŤƟŚƾ���ŚºƷźŤƯřŹŚě�ŽŚºſř�źºŝ�řŹ�ƽ��Źŵ�ŵƺºūƺƯ�
ţŚƗǈƏř�ĨƳŚŝƾŚƤƯ�ŵƺų�ƿƫŚƳō�ƹ�ƶƀǀŵƺưƳ�ż����

ƫŚƳōǀ��żƿƶŤƟŚ�ŚƷ���ř�Źŵƿ���ƫŵ�ƶŝ�ƶƘƫŚƐƯ�Ʋǀ��Ƙſƹ�ƲŤƃřŵ�ƪ�Ɯū�ŢƟřźǀŚƿƾ�
��řźºŝ�īŹżŝƽ�����Źŵ�ŢƫƺƸºſ��ƫŚºƳōǀż�ƿ�ƶºŤƟŚ����������ƪºŰƯ�ŽŚºſř�źºŝ�ƹ�ŚºƷ
�ŝ�ŢƳƺĪſǀ����ŝƺºƴū�ƶƤƐƴƯ�ƶſ�ƶŝ�ƱřźƸţ�ƱŚŤſř��ƱřŹŚưƾ�żºĩźƯ��ƽ�ƹ�

ƫŚưƃƾ�ƀƤţ�ǀ�Ŷƴŝ�Ʈƽ�Ŷƃ���ƶƤƐƴƯ�ƽŝƺƴū�ƾ���ƶƤƐƴƯè���ưƀºƣ�Żř�Ţ
����Ư�Śţ�ƱřźƸţ�źƸƃ�śƺƴūǀ�ŵřŻō�ƱřŶƽ��żĩźƯ�Ţưƀƣ��ƽ�����ƶºƤƐƴƯç��

Ư�ŻřººǀŵřŻō�ƱřŶƽƯ�Śººţ�ººǀŢưƀººƣ�ƹ�ŢƫŚººſŹ�ƱřŶƫŚưººƃ�ƾřźººƸţ�Ʊ� �
�ƶƤƐƴƯ�æ���Ư�Żřǀ����Ţưƀºƣ�Śţ�ŢƫŚſŹ�ƱřŶ��ŚºƷƽ��ƫŚưºƃ�ƾ����řŹ�ƱřźºƸţ�

��ƪƯŚƃ�ŝŵƺ���ƫŚºƳōǀ�Ƶŵřŵ�ż����������ŚºƯō�šǇŵŚºƘƯ�ŽŚºſř�źºŝ�ŚºƷŹƽŻƺţ��ºƿ�Ɩ
ƳřƹřźƟƾŵźĭ�ƶŞſŚŰƯ�ƿŶ���

��
ƶŤƟŚƿ�ŚƷ��
�����ƽĥƺƫƺǀƯŶºººǀěř�ƩŚĪǀºººſǈĩ�šŚºººƗǈƏř�ƾºººſŹźŝ�Żř�žºººě� �
æéå��ƽŹƺƄººƳřŵ�ŮǀƀººƯ�ƱŚŤººſŹŚưǀŝ�ƶººŝ�ƵŶººƴƴĩ�ƶººƘūřźƯ�ŹŚººưǀŝ�
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Ŷººƿŵźĭ�ƆŴƄººƯ�ƶººĩ�îè��é�ëëŶººƇŹŵ���ƱřŹŚººưǀŝ�Żř�ŵŹƺººƯ� �
�řŹŵźºººƯƱř�ƹ�éì��ê�èèŶºººƇŹŵ������ƱŚºººƳŻ�řŹ�źºººĮƿŵ�ŵŹƺºººƯ� �

��ƪǀĪƄţ�ŵřŵŶƳ����ƶƳƺưƳ�ŵřŶƘţ�Żř�ƲǀƴĤưƷ����������řźºƣ�ƶºƘƫŚƐƯ�ŵŹƺºƯ�ƽŚƷ
��ƶººŤƟźĭëë��æ�éìŶººƇŹŵ����ƹ�ƾƳŚŤººſźƸƃ�ƱřŹŚººưǀŝ�Żř�ŵŹƺººƯ� �

ìé��í�êç�ŶƇŹŵ������������ƱŚŤºſř�Źŵ�ƶºĩ�ŶºƳŵƺŝ�ƾƳřŹŚºưǀŝ�źºĮƿŵ�ŵŹƺƯ
��ŶƴŤƃřŵ�ŢƳƺĪſ�ƱřźƸţ���Ţƀţ�ƾſŹźŝ������ƹŹřŵ�ŢǀſŚƀºů�ƽŚºƷ�ºƿ�ƾ

����ƶĩ�ŵřŵ�ƱŚƄƳëê��é�éë��ŶºƇŹŵ�������ƶƿƺºſ�řŹ�ŵŹƺºƯ����ƽŚºƷMDR�� �
çî��ì�çåŶƇŹŵ����ŵŹƺƯNon MDR�ƵŶºƳŚưǀƣŚŝ�ƹ���ƽƱō����řŹ�ŚºƷ

ƶƿƺſ��������ƪǀĪƄºţ�ŽŚƀºů�ƽŚºƷ��ŶºƳŵřŵ�������ƾºĪǀŤƳĥ�ƽƺºĮƫř�ƾºſŹźŝ� �
MIRU-VNTR�ƶƿƺſ�������������ŽŚºſř�źºŝ�ƱřŹŚºưǀŝ�Żř�ƵŶºƃ�řŶū�ƽŚƷ� �

� �

�žƳřźººƟŹ�ŢƿŚººſwww.MIRU-VNTRplus.org �ƱŚƄººƳ� �
�ƵŵřƺƳŚººų�ƶººĩ�ŵřŵDehli/CAS�Śººŝ�éî��èêŶººƇŹŵ���ƹ�ŵŹƺººƯ�

Uganda I�Śŝ�çí��çåŶƇŹŵ�����ƵŵřƺƳŚºų�ƹ�ƲƿźŤƄºǀŝ�ŵŹƺƯ���ƽŚºƷ
LAM�Śººŝ�æé��æåŶººƇŹŵ�����ŵŹƺººƯBeijing�Śººŝ�æé�ŵŹƺººƯ�� �

�æå�ŶƇŹŵ�����ƶƿƺſ�ƹ�ƎſřƹŶů����ƽŚºƷEAI����Śºŝ�æ��ì�å��ŶºƇŹŵ��
�ŵŹƺººƯHaarlem �Śººŝ�è��æ�ç�ŶººƇŹŵ���ƹ�ŵŹƺººƯH37RvŚººŝ�� �

ê��ê�è�ŵ�ŶƇŹ�����ƺºĮƫř�ƲƿźŤưĩ�ŵŹƺƯ����������ŵƺºų�ƶºŝ�řŹ�ƾºĪǀŤƳĥ�ƽŚºƷ
��ŶƳŵƺŝ�Ƶŵřŵ�ƅŚƈŤųř�����ƪƨƃ�Źŵæ�ƵƺŰƳ��ƽ����ƲƿźŤƄºǀŝ��ƾĭŶƴĩřźě�

��ƶƿƺſ�ƲƿźŤưĩ�ƹ����������ƶŤƟźĭ�Źřźƣ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƶĩ�ƱřźƸţ�ƢƏŚƴƯ�Źŵ�ŚƷ
Ţſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ�Ţſř����

��
�ƩƹŶūæ��řźě�šŚƈŴƄƯƿŚƷźưƽƫřƺţ�ƩƺƏ�ƹ�ƵŵŚƠŤſř�ŵŹƺƯ�ƾŨĪţ�ǀƺſ�Śŝ�ƢŝŚƐƯ�ƵŶƳƺƃ�źƿƶ�ƽŵŹřŶƳŚŤſř��H37Rv��

��

�Žƺĩƺƫ�ŚƷƽ� MIRU-VNTR řźěƿŽƺĩƺƫ�źư�ŚƷƽ�MIRU-VNTR 
ƵŻřŶƳř�ƽ�šǇƺƈŰƯ�Ƃƴĩřƹ�ŚƷƽ�

ŬƳŻǀƵź�řƽƬě�ǀŻřźư 

2 TGGACTTGCAGCAATGGACCAACT F 
TACTCGGACGCCGGCTCAAAA` R 

 bp êåí 

4 GCGCGAGAGCCCGAACTGC F 
GCGCAGCAGAAACGTCAGC R 

 bp èêè 

10 GTTCTTGACCAACTGCAGTCGTCC F 
GCCACCTTGGTGATCAGCTACCT R 

 bp ëéè 

16 TCGGTGATCGGGTCCAGTCCAAGTA F 
CCCGTCGTGCAGCCCTGGTAC R 

 bp ëìæ 

20 TCGGAGAGATGCCCTTCGAGTTAG F 
GGAGACCGCGACCAGGTACTTGTA R 

 bp êîæ 

23 CAGCGAAACGAACTGTGCTATCAC F 
CGTGTCCGAGCAGAAAAGGGTAT R 

 bp íìè 

24 CGACCAAGATGTGCAGGAATACAT F 
GGGCGAGTTGAGCTCACAGAA R 

 bp ééì 

26 CCCGCCTTCGAAACGTCGCT F 
TGGACATAGGCGACCAGGCGAATA R 

 bp ëæé 

27 TCGAAAGCCTCTGCGTGCCAGTAA F 
GCGATGTGAGCGTGCCACTCAA R 

 bp ëêì 

31 ACTGATTGGCTTCATACGGCTTTA F 
GTGCCGACGTGGTCTTGAT R 

 bp ëêæ 

39 CGCATCGACAAACTGGAGCCAAAC F 
CGGAAACGTCTACGCCCCACACAT R 

 bp ëéë 

40 GGGTTGCTGGATGACAACGTGT F 
GGGTGATCTCGGCGAAATCAGATA R 

 bp éåí 
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ƺººſƿƶ�ŚººƷƽ�Beijing�Śººŝ��ê�ìíŶººƇŹŵ����ƹDehli/CASŚººŝ��� �
�ìë�ŶƇŹŵ����ŝǀźŤƄƿ����ƳřƹřźƟ�ŵřŶƘţ�ƹ�ƕƺƴţ�Ʋƾ��ƵŵřƺƳŚºų�����ŚºƷ��Źŵ�řŹ

�ŝƺƴū�ƢƏŚƴƯƾ��ĪƄţ�ƱřźƸţ�ǀ�Ư�ƪƾ�ŵřŵŶƳ����ƶĩ�ř�Źŵƿ�Ư�Ʋǀ��ƱŚ�ƺºſƿƶ��ƽ�
BeijingźţǇŚººŝ�ƿ��ƹ�ŵƺººŝ�Ƶŵřŵ�ƅŚƈººŤųř�ŵƺººų�ƶººŝ�řŹ�ƶººŞţŹ�Ʋ
ƵŵřƺƳŚººų�ƽ�Dehli/CASººƯƹŵ�ǀƶººŞţŹ�Ʋ�ƽººŝ�Źŵ�řŹ�ƵŵřƺƳŚººų�ǀ�Ʋ

ƺſƿƶ�ŚƷ��Ţºƃřŵ���������ƫŚưºƃ�ƢƏŚºƴƯ�Źŵ�ŚºƯřƾ������ºưƷ�ƱřźºƸţ�ƱŚŤºſř�ǀ�Ʋ
ƺſƿƶ�������ƕƺƴţ�ƹ�ŵřŶƘţ�Żř�ŚƷ�źºŤưĩƽ����ŶºƳŵƺŝ�ŹřŵŹƺºųźŝ�����ř�Źŵ�ƹ�ºƿ�Ʋ

ƵŵřƺƳŚų�ƢƏŚƴƯ�ŚƷƽ��ì�èêŹŵ�ŶƇ��Uganda I�ƹ��æë�ŶºƇŹŵ���
Dehli/CAS�ŝººǀźŤƄƿƺººſ�Ʋƿƶ�ĪƄººţ�řŹ�ŚººƷǀººƯ�ƪƾ�ŶººƳŵřŵ���Żř

ŚŬƳōƿƾ���ƶĩëë���ƶƳƺưƳ�Żř�ŵŹƺƯ��ŚƷƽ�������Źřźºƣ�ƶºƘƫŚƐƯ�ŵŹƺƯ����Żř�ƶºŤƟźĭ
ŝǀ�ƳŚŤſźƸƃ�ƱřŹŚưƾ�ŻŚſřŶū�ƽ����ŵƺºŝ�ƵŶºƃ����ºſŹźŝ�ƾ���ƶºƘƫŚƐƯ�ƹ���ƽ�

ƶƳƺưƳ�ŚƷƽ����ƶºĩ�ŵřŵ�ƱŚƄƳ�ƱŚŤſźƸƃ�í�íé�ŶºƇŹŵ��Żř��ƺºſƿƶ��ŚºƷƽ�
���ƱŚŤſźƸƃ�Żř�ƵŶƃ�řŶū�ŚƷ�Ư���ŚƷźƸƃ�ƶŝ�ƢƬƘŤƽ�ŻźƯ�ƽ��źƸƃ�ƹ��ŚºƷƽ�

ǇŚººŝ�ŶººƇŹŵ�Śººŝƽ�Ÿººě�źūŚººƸƯƿźƽ�Şƣ�Żřººǀ��ƱŚŤººſŻƺų��ƪººŝřŻ�ƪ
����ƱŚºſřźų��ƱŚŤƀºƬĭ��ƵŚƄƳŚƯźĩ�������ŶºƳŵƺŝ�ũźºĩ�ƹ�Ʈºƣ�������ŵƹŶºůæå�

ŶƇŹŵ��ř�Żř�ƿ�ƺſ�Ʋƿƶ����ƵŵřƺƳŚų�ƶŝ�ƢƬƘŤƯ�ŚƷ����ƽLAM�����Żř�ƶºĩ�ŶƳŵƺŝ�
řƿ�ŵřŶƘţ�Ʋ�êå�ŶƇŹŵ���Ʊō�Żř�����ƣřźƗ�ƱřźūŚƸƯ�Żř�ŚƷƾ���ŵƺŝ�ƵŶƃ�řŶū��� �

���ƵŹŚưºƃ�ƪĪƃ�ƢŝŚƐƯ��ƽ�ç����������ƶºŝ�ŢºſřŹ�Ţưºſ�Ţưƀºƣ��ƽŚƴŨŤºſř�
ƵŹŚưƃ��ŚºƷƽ�èèíè���ƹ�èéìë�������ŝ�ƶºŝ�ƍƺºŝźƯ�ƶºĩ�ǀ���ƶºƤƐƴƯ�ƱřŹŚºư��ƽ�
ŝƺƴūƾ���ƱřźƸţ�ŵƺŝ�Ƥŝ��ǀƶ��ƽ�ƶƳƺưƳ�����ƣřźƗ�ƱřźūŚƸƯ�Żř�ŚƷƾ�ŻŚſřŶū�ƽ�
ŵźĭººƿŶ�ƶººƘƫŚƐƯ��ƽƣŵ�ººǀƺººſ�Ƣƿƶ�ƽ�New1�Ƴººǀ�Żř�ż�Ţººŝřźƣ
ƟǀŤƳĥƺƬǀĪƾ���ƹ��ſƹ�ŹŚƄŤƳřǀ����Źŵ�Ʊō�ƖŚƷźƸƃƽ��ƱŚŤƀºƬĭ�����ƹ�ŽŹŚºƟ��

�ƪĪƃæ��ƵƺŰƳ��ŢƿŚſ�Ǝſƺţ�ƵŶƃ�ƆŴƄƯ�ƾĪǀŤƳĥ�ƾƫřƺţ�ƲǀƴĤưƷ�ƹ�ƱřŹŚưǀŝ�Żř�ƵŶƃ�řŶū�ƽŚƷ�ƶƿƺſ�ƾĭŶƴĩřźě�ƽMIRU-VNTR plus�ƆŴƄƯ�
Ţſř�ƵŶƿŵźĭ��ƶƤƐƴƯ�Źŵ��ƵŹŚưƃ�ƽèţ��ƾƯ�źŤƄǀŝ�źĮƿŵ�ƶƤƐƴƯ�ƹŵ�ƶŝ�ŢŞƀƳ�ƵŶƃ�řŶū�ƶƿƺſ�ƾĭŶƴĩřźě�ƕƺƴţ�ƹ�ŵřŶƘţ�ƱřźƸ�ƶƤƐƴƯ�ƹ�ŶƃŚŝ��ƵŹŚưƃ�ƽæ�ƲƿźŤưĩ��

ƶƿƺſ�ƕƺƴţ�ŵřŶƘţ�Ţſř�Ƶŵřŵ�ƱŚƄƳ�řŹ�ŚƷ����
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���ƱŚƄƳ�ƱřźƸţ�ŵř��ŵ�Īƃ�ƵŹŚưƃ�ƪç���ƵŹŚưºƃ���ŚºƷƽ�èëîè��èëçæ�ƹ�
èëéë����Ɵ�Ţŝřźƣ�ŵƺūƹ�Śŝ�ǀŤƳĥƺƬǀĪƾ�������ŹƺƄºĩ�Żř�ƞƬŤŴƯ�ƢƏŚƴƯ�Źŵ�

�Ŷƃ�ƵŶƴĩřźě��ƵŵƺŝŶƳ�����ƵŹŚưºƃ�ƪĪƃ�Źŵ��ƽ�ç����ŢưƀºƣB���ƵŵřƺƳŚºų�
New1����ƵŹŚưƃ�ƶĩ�ŵřŵ�ƱŚƄƳ��ŚºƷƽ�èëåæ���èëæå���ţźţ�ƶºŝ��ºǀ���ƶºŝ�Ŝ

�żĩźƯ�ƢƏŚƴƯƽ��ŝƺƴū�ƹ�ƾ���ƱřźƸţ��řŵ�ƢºƬƘţ�ƴŤºƃŶ����ţŹƺºƇ�Źŵ�ƾ���ƶºĩ
ƵŹŚưƃ��ƽ�èëèé���Żř�ưƷǀ����ƺĮƫř�Śŝ�ƹ�ƵŵřƺƳŚų�Ʋƽ�Ɵ�ǀŤƳĥƺƬǀĪƾ��ƶŝŚƄƯ�
�ŝ�ŻřǀŹŚưƽ��ŻŚſřŶū�ƱŚŤƀƬĭ�ƱŚŤſř�Źŵ�ƽ�ƵŶƃ�ŵƺŝ�ƵŹŚưºƃ�ƹ���ŚºƷƽ�

èëèë��èëæì�ŝƺººƴū�ƢƏŚººƴƯ�Żř�ƾ�ƱřźººƸţ�ƵŹŚưººƃ��ƽ�èëåë�Żř�
��ƹ�ƪŝřŻ�ƱŚŤſźƸƃ�ƵŹŚưƃ���ƽ�èëåì�����ŻŚºſřŶū�ƵŚƄƳŚƯźĩ�ƱŚŤſř�Żř�ƽ�

��ƵŶƃŵƺŝ���ƪĪƃçƺſ�ƶŝ�ƍƺŝźƯ�ƿƶ�ŚƷƽ�ƵŵřƺƳŚų�Beijing��ƱŚƄºƳ�
Ưƾ�ŵ���ƵŹŚưºƃ�ƶĩ�ŶƷ��ƽ�èêêë�����çìåé�����èçåæ���çíçì���řŹřŵ�ƶºĩ�ƽ�

ŚƷƺĮƫřƽ�ŤƳĥ�ǀĪƾ�ƶŝŚƄŤƯ��řƽ�ŶƴŤƀƷ����Żř���ƺſ�ƹ�ƱŚƜƟř�ƱřźūŚƸƯƿƶ��ƽ�
ƵŹŚưººƃ�ƽ��èæííººưƷ�Źŵ�ǀƟ�ƍŚººŞţŹř�ƲǀŤƳĥƺººƬǀĪƾŝ�Żř�ǀŹŚººưƽ�Źŵ�

ŻŚſřŶū�ƱŚſřźų�ƱŚŤſřƽ�ƵŶƃ�ŵƺŝ���
��
��
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
��
��

��

�ƪĪƃç��ƶƿƺſ�ƾĪǀŤƳĥƺƬǀƟ�ƍŚŞţŹř�ƹ�ŚƷƵƺŰƳ��ƽƱō�Żř�ĨƿźƷ�ƖƿŻƺţ��śƹ�ŢŰţ�ƶƯŚƳźŝ�Żř�ƵŵŚƠŤſř�Śŝ�ƶĩ�ŚƷ�www.MIRU-VNTRplus.org��ƵŶƿŵźĭ�ƮſŹ��Źŵ
ƾƬǀƯŚƟ�ŶƷŵ�ƾƯ�ƱŚƄƳ�ŵƺų�ƶŝ�ƍƺŝźƯ�ƽŚƷ���
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�ƵŹŚưƃ�ƩƹřŶūç��ƶƀƿŚƤƯ��ŵŹƺƯ�ƱřŹŚưǀŝ�Ĩǀſǈĩ�šŚƗǈƏř�ƽ
ƿƺſ��ƾƿƹŹřŵ�ŢǀſŚƀů�ŽŚſř�źŝ�ƶƘƫŚƐƯƶ��Ƶŵřŵ�ƆǀŴƄţ�ƽ

�Ţǀƀƴū�ƹ�ƾƿŚǀƟřźƜū�ŢǀƘƣƺƯ��ƵŶƃ��
æ��çƹŹřŵ�ŢǀſŚƀů�ƿƾ���

ƶƿƺſ�ƕƺƳ��ŽŚſř�źŝ�ƵŶƃ�řŶū�ƽŚƷ
Ţƀţ�ƹŹřŵ�ŢǀſŚƀů�ƽŚƷƿƾ��

�ŶƇŹŵ�ƹ�ŵřŶƘţ
ƶƿƺſ�ƵŶƃ�řŶū�ƽŚƷ��

MDR �Ñ�ÑÓŶƇŹŵ���ÓÒ��
Non MDR���Ô�ÏÍŶƇŹŵ���ÏÖ���

Beijing���ÎÍŶƇŹŵ���ÎÑ��
Sensitive���Õ�ÏÏŶƇŹŵ���ÐÏ���

��

Ï��Ïƶƿƺſ�ƽƺĮƫř��ƵŶƃ�Ƶŵřŵ�ƆǀŴƄţ�ƽŚƷ�� 

ƶƿƺſ�ƾƬǀƯŚƟ�ƵŶƃ�řŶū�ƽŚƷ���ƾƬǀƯŚƟ�ŶƇŹŵ�ƹ�ŵřŶƘţ
ƶƿƺſ�ƵŶƃ�řŶū�ƽŚƷ��

Dehli / CAS �ÐÒŶƇŹŵ���ÑÖ���
NEW 1���Ñ�ÎÎŶƇŹŵ���ÎÓ���

Uganda 1���ÏÍŶƇŹŵ���ÏÕ���
LAM���ÎÍŶƇŹŵ���ÎÑ���
Bovis���Î�ÔŶƇŹŵ���ÎÍ���

Beijing���ÎÍŶƇŹŵ���ÎÑ���
H37Rv���Ò�ÐŶƇŹŵ���Ò���

Haarlem���Î�Ï�ŶƇŹŵ��Ð���
EAI �ÔŶƇŹŵ���Î���

��

Ð��ÏŚǀƟřźƜū�ŢǀƘƣƺƯ�ƾƳřƹřźƟ�ƿƱřŹŚưǀŝ�Ţǀƀƴū�ƹ�ƾ�� 

ƾŗŚǀƟřźƜū�ŢǀƘƣƺƯ��ƱřŹŚưǀŝ�ŶƇŹŵ�ƹ�ŵřŶƘţ��
ƱŚŤſźƸƃ���Ï�ÑÔŶƇŹŵ���ÓÓ��
ƱřźƸţ���Õ�ÒÏŶƇŹŵ���ÔÑ���
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ææ�ƺſ�ƿƶ��ŴƄţǀ��ŶƳŵƺŝ�Ƶŵřŵ�Ɔ���ƶºŝ���ŹƺºƏƽ��ƶºĩ�HGI���ƁƹŹ�ƹŵ�
źųō���Żř�íì�ŶƇŹŵ����ƶŝ�îê�ŶƇŹŵ���řżºƟř�ƿ��Ƃƿ���ŵƺºŝ�ƶºŤƟŚ���ŽŚºƯ��Źŵ�

�ƴĪţ�ŵƺºººų�šŚºººƘƫŚƐƯºººǀĨ�ŚºººƷƽĩźţ�ǀºººŞƾ�æêŽƺºººĩƺƫ�� �
MIRU-VNTR����ƵřźưƷ�ƶŝ�Spoligotyping���ƹ�ƿ�ƴĪţ�Ś�ºǀ��Ĩçé�

ſƺĩƺƫƾ�MIRU-VNTR������ŚƷŹřŶƳŚŤºſř�ƱřƺºƴƗ�ƶŝ�řŹ�ƽ�ǈƏ��ºƿƾ�
řźººŝƽěř�šŚººƘƫŚƐƯ�ººǀƯŶǀĥƺƫƺƽƫƺººĪƫƺƯ�ƾ�ƶººƤƐƴƯ�Źŵ�Warao�
ººƯƾ��ŶººƳřŵ�æê���ƶººƘƫŚƐƯ�Źŵ�řƽ�ū�Ǝººſƺţ�ƶººĩ�ƮººƷ�źƠƘººƿ�ƹ�ƱŚ

�����ƹŹ�źŝ�ƶƬůźƯ�ƹŵ�Źŵ�ƂƳřŹŚĪưƷƽ�ƶƳƺưƳ���ŚºƷ��ƽ�ŝ�ǀ����ƩƺƬƀºƯ�ƱřŹŚºư
�ŢººƟźĭ�šŹƺººƇ�ƶººƬůźƯ�Źŵ��ƽ�ƴĪţ�Żř�ƵŵŚƠŤººſř�Śººŝ�Ʃƹř�ººǀĨ� �
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MIRU-VNTR��çèƘţ�ƶºººƳƺưƳ�ǀºººǀƺƷ�ƲºººƿŵźĮƳ�Ţ�ºººƿŶ��� �
ƫŚºººů�Źŵƾ�ƶºººƬůźƯ�Źŵ�ƶºººĩ�ƽƴĪţ�Żř�ƵŵŚƠŤºººſř�Śºººŝ�ƭƹŵ�ºººǀĨ� �

Spoligotypingƹ�MIRU-VNTR ��ŚƸƴţîƺſ�Żř�ŵŹƺƯ�ƿƶ���ŚºƷ
ƘţǀººǀƺƷ�ƲººƿĮƳ�ŢŵźººƿŶ��æë���ƶººƘƫŚƐƯ�Źŵ�řƽ��ƮººƷ�Ǝººſƺţ�ƶººĩ
Ưǀź�ƘſǀŶƽ�����ƩŚſ�Źŵ�ƂƳřŹŚĪưƷ�ƹ�çååç�ŢƟźĭ�šŹƺƇ�ƿĪƾ�Żř�

Ǉŵƿ�ƬƇř�ƪƾ�����ŹřƺºŬưƷ�řŹ�ƭƹŚºƤƯ�ƪſ�ŵƺūƹ�ƽ�ř�ŹƺƄºĩ��ºƿ��Śºŝ�Ʊřź
ŚƀưƷƿ��Ɛų�źě�ƱŚĮ��ź���ŢƀºƳřŵ�æì������ƳŚºƸū�ƱŚƯŻŚºſƾ��ŢºƃřŶƸŝ�

��ř�Źŵ�ƪſ�ƕƺƣƹƿƱřź�řŹ�êçřŻř�ƶŝ�ŵŹƺƯ�ƽ�źƷ�æååååå�źƠƳ���ƭǈºƗř
ƺưƳŵ��ř�ƿ��ƫŚů�Źŵ�Ʋƾ������������ƱŚŤƀºƳŚƜƟř�ŹƺƄºĩ�Źŵ�ƪºſ�ƕƺºƣƹ�ƶĩ�Ţſř�
èæé���řŻř�ƶŝ�ŵŹƺƯ�ƽ���źƷ�æååååå���Ţºſř�źƠƳ�����ƶºƯřŵř�Źŵ��ƽ��ºưƷ�ǀ�Ʋ

��ƁŹřżĭ���ƩŚſ�Źŵçååí�������Śºŝ�ƱŚŤƀºƳŚƜƟř�ŹƺƄĩ�çíèåæ�����Śºŝ�ơřźºƗ��
îçíå�����Śººŝ�Ʊřŵƺººſçêééé�ŵƺƘººſ�ƱŚŤƀººŝźƗ��ƽ�Śººŝ�éåëé�ƹ�

����Śºŝ�ƱŚŤƀĩŚěçéíææê���ưºſř�ŵŹƺºƯǀ��������ƵŶºƃ�ƁŹřżºĭ�ŢºŞŨƯ�ź�ŵƺºŝ��� �
���ƱŚŤƀĩŚě�ŹƺƄĩ�Ʋǀŝ�Źŵ�í�ĩ���Śºƃ�ŹƺƄƿ�ŝ�Ɩǀ�ŹŚºưƽ������ƱŚºƸū�Źŵ�ƪºſ�

ŵŹřŵ�ŹřźººƣŚƷŹƺƄººĩ�ƶººƬưū�Żř�ƹ�ƿƾŵŚººƤƯ�ƶººĩ�Ţººſř�ƿǇŚººŝ�źƽ� �
ƺſƿƶ�ŚƷƽ�MDR��������Ţºſř�ƵŶºƃ�ƁŹřżºĭ�Ʊō�Źŵ���æí����řźŝŚºƴŝƿ�Ʋ

�ř�ŹƺƄĩ�ºƿ���ƫŵ�ƶºŝ�Ʊřź�ºǀ�ƺƠƳ�ƪ�Ÿºěŷƿźƽ��ǇŚºŝ�ƽ����ƱřźūŚºƸƯ���ƖºưŬţ�ƹ� �
Ʊō���ŻźººƯ�ƢƏŚººƴƯ�Źŵ�ŚººƷƽŚƷźƸººƃ�Źŵ�ƹ�ƽ��ŵƺººūƹ�ƹ�īŹżººŝ�

ŚƷŹƺŤĩŚƟƽ���ŵ�ŻŚſ�źƐų�ƿ��Şƣ�Żř�źĮǀ�ţ�ƪ�ŝ�ƮĩřźǇŚƽ�Ƙưū�ǀŤƾ���źƤƟ�ƹ
ŤƃřŶƸŝƾ��ƶºƤƐƴƯ����ƽ��ĦţřźŤºſř�ƿ��řźºŝ�Ĩƽ��ĭƺºƬū�ǀźƽ�����ƹ�ŹŚƄºŤƳř�Żř�

�ººƯ�śƺƀººŰƯ�ƶººƤƐƴƯ�Źŵ�ƪººſ�ƩŚººƤŤƳřƾ�ŵƺººƃ��ǇŚººŝ�Ţººŝřźƣƽ�
ƺĮƫřƽ�ŚƷƽ�ŤƳĥ�ǀĪƾ��ŝ�Żř�ǀ������ŚƷźƸºƃ�ƶºŝ�ƢºƬƘŤƯ�ƱřŹŚưƽ��ŻźºƯ�ƽ���Śºŝ�
ƺſƿƶ�ŚƷƽ����ŝ�Żř�ƵŶƃ�řŶū�ǀ�ŹƺƄĩ�ƱřŹŚư�ŚƷƽ�ŚƀưƷ�ƿ�ř�ƶƿ�źƔƳ�Ʋƿ��řŹ�ƶ
Śţƿǀ�Ư�Ŷƾ�Ŷƴĩ��řźŝŚƴŝƿ�����ŹŚºĩ�ƶºŝ�Śŝ�Ʋ���ƴĪţ�Ʊŵźºŝ��ºǀĨ��ŚºƷƽ�ŝ��ºǀ��Żř�źŤƄ� �
Şƣººǀƪ�Restriction Fragment Length Polymorphism) RFLP���

Spoligotyping��ſŹźŝƾ�(Single Nucleotide polymorphism) SNP�

�ƹ�ŚººƷººƿƫřƺººţ�Śƾ�ŚººƷƽººů�ŸƟƾ��Deletion Repeat =DR��
ƺſƿƶ�ŚƷƽ�ŚƯ�ƿźŤĩŚŝƺĪƿ��ƘƏŚƣ�Śŝ�ƭƺǀ�ŝ�ŢǀźŤƄƽ��ºƯ�ƾ����ƺºĮƫř�Ʊřƺºţƽ�
ŤƳĥǀĪƾ�ƺſ�ƿƶ���ŰƳ�ƹ�ŚƷƵƺ��ƽ�ĭŵƺƫō�ŹŚƄŤƳř�ƾſŹźŝ�ƹ�ƾ�ŚºƷŹƺŤĩŚƟ�ƽ�

�Źŵ�ŻŚſźƐųƿƶƤƐƴƯ�Ĩ�ƽƟřźƜū�ǀŚƿƾŵřŵ�Źřźƣ�ƶƘƫŚƐƯ�ŵŹƺƯ�řŹ�����
��
ŤƳǀĭ�ƶŬǀźƽ���

��������ƃ�ƶŝ�ƶūƺţ�Śŝǀ��ŝ�ŵŶŬƯ�ƕƺǀŹŚưƽ���ě�ƹ�ƪſ�ǀřŶƿ�ƺºſ�Ƃƿƶ��ŚºƷƽ�
ơƺƟ������ƭƹŚºƤƯ�ƵŵŚºƘƫř�XDR�����������ƹŹřŵ�ƶºŝ�ƭƹŚºƤƯ�ľǈƯŚºĩ�ƹ�TDR��
ưƷřǀ�ŚſŚƴƃ�Ţƾƿ�ř�ƿ�ƺſ�Ʋƿƶ������ŝ�ƩźºŤƴĩ�Źŵ�řŹ�ŚƷǀ�ŹŚºưƽ��ƪºſ���ŵŹřƹ��

ƶƬůźƯ��ƽ�ƵŻŚţ��řƽ��Ţſř�Ƶŵźĩ������ǇŚºŝ�śŹŚºƤţƽ��ŚºƷƺĮƫř�ƽ�ŤƳĥ�ǀ�ºĪƾ�
ƺſƿƶ�ŚƷƽ����ƢƏŚƴƯ�Źŵ�ƵŶƃ�řŶū�ŻźƯ�ƽ���ƶƳƺưƳ�Śŝ�ŹƺƄĩ���ŚºƷƽ���řŶºū�

�����ƴĤưƷ�ƹ�ŹƺƄĩ�ƪųřŵ�Źŵ�ƵŶƃǀ�ƶƤƐƴƯ�Ʋ��ƽ�ŝƺƴū�ƾ����ƱřźºƸţ�źƸºƃ���
��Żř�����ř�Źŵ�Ƶŵƺƫō�ħźŤƄƯ�ƖŝŚƴƯ�ŵƺūƹƿ���ŚĪů�ƢƏŚºƴƯ�Ʋ�ºƿ�ŵŹřŵ�Ţ����ƶºŝ�
ưƷǀ�źƏŚų�Ʋ�ě�ǀ�Ư�ŵŚƸƴƄƾ�ŵƺƃ�řźŝ�ƽ�źŤƴĩ���ě�ƹ�ƩǀĮƄǀźƽ���ŹŚƄŤƳř�Żř�
ƺſƿƶ�ŚƷƽ��ŹƺƄĩ�ƭƹŚƤƯ��ŚƷƽ�ŚƀưƷ�ƿ�Śŝ�ƶƿŤƀƾ�Śŝ���ŝ�šŹŚƔƳ�ºǀ��ƹ�źŤƄ

��ƩŚưƗřſǀŢſŚ�ŚƷƽ��ŤºƃřŶƸŝ�ƾ����ƣŵ�ƩźºŤƴĩ�ƹ��ºǀ����źºƐųźě�ƢƏŚºƴƯ�Ƣ�
�ƩŚſ�ƱƺĤưƷ�ŚƷƽ����ƵŶºƳŻŹř�ƂƤƳ�ƶŤƃŸĭ���źºţƽ���ř�Źŵ�řŹ��ºƿ�ƯŻ�Ʋǀ��ƶºƴ

ŚưƳ�ƩŚưƗřƿŶƴ����
��

ŶƤţƿźĪƄţ�ƹ�ź��
������řººƿ��ƂººŴŝ�ƭźººŤŰƯ�ƱřŹŚººĪưƷ�Ɓǈººţ�ƪººƇŚů�ƶººƘƫŚƐƯ�Ʋ

ěřǀƯŶǀĥƺƫƺƽ�ƫƺĪƫƺƯ�ƾ���ţƹŹ�ƂŴŝ�ƹ�ǀ������ŹƺƄºĩ�ƪºſ�žƳřźºƟŹ�Ʋƽ�
�ƤŰţ�żĩźƯǀ�ŚƯ�šŚƤƿźŤĩŚŝƺĪƿĥƺƫƺƽ�ŝ�ǀ��ƀºƯ�ƱŚŤſŹŚưǀ��ŹƺƄºƳřŵ�Ůƽ�

Ưƾ�ř�Żř�ƶĩ�ŶƃŚŝƿżƗ�ƲƿżƳřŵŹŶƣ�ƹ�źĪƄţ�ƱřƾƯ�ƪưƗ�ƶŝ�ƾ�ōƿŶ���
��

 

References  

1- Masjedi MR, Farnia P, Sorooch S, et al. 

Extensively Drug- Resistant Tuberculosis 2 years 

of surveillance in Iran. Clin Infec Dis. 2006; 43: 

841-7. 

2- Van soolingen D. Molecular epidemiology of  

 

Archive of SID

www.SID.ir

www.SID.ir


ƶƀƿŚƤƯ�ƽƺĮƫř�śŹŚƤţ�ƱřżǀƯ�ƽ�žƿŻƺƬĩźŝƺţ�ƭƺƿźŤĩŚŝƺĪƿŚƯ�ƶƿƺſ�ƾĪǀŤƳĥ�ƽŚƷ 

ƶƬŬƯ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ��ƽÎÖƵŹŚưƃ����ƽÔÒ���ƱŚŤƀŝŚţÖÍ 

34 

tuberculosis and other mycobacterial infection, 

main methodologics and achievements. J Intern 

Med. 2001; 249: 1-26. 

3- Marhema B, Kurepina N, Bifani P, et al. 

Molecular epidemiology of tuberculosis: Current 

insights. J Clin Microbiol. 2006; 19: 658-85.  

4- Mazars E, Lesjean S, Banul L, et al. High 

resolution minisatellite- based typing as a portable 

approach to global analysis of mycobacterium 

tuberculosis molecular epidemiology. Natl Acd 

Sci. 2001; 98: 1901-6. 

5- Supply P, Lesjean E, Savine K, et al. 

Automated high-throughput genotyping for the 

study of global epidemiology of mycobacterium 

tuberculosis based on mycobacterial interspersed 

repetitive unit. J Clin Microbial. 2001; 39:  

3563-71. 

6- Supply P, Mazars E, Lesjean S, et al. Variable 

human minisatellite- like regions in the 

mycobacterium tuberculosis genoms. J Molecular 

Microbiol. 2000; 36: 762-71. 

7- Goyal M, Saunders N, Van Embeden AD, et al. 

Differentiation of mycobacterium tuberculosis 

isolates by spoligotyping and IS6110 restriction 

fragment length polymorphism. J Clin M. 1997; 

10: 647-651. 

8- Cowan L, Mosher L, Diem L, Massey P,  

et al. Variable �Number Tandem Repeat  

typing of Mycobacterium tuberculosis isolate with 

copy number of IS6110 by using mycobacterial 

interspersed repetitive unit. J Clin Microbial. 

2005; 43: 688-95. 

9- Velayati AA, Masjedi MR, Farnia P, et al. 

Emergence of new forms of totally drug resistant 

tuberculosis bacilli: super extensively drug 

resistant tuberculosis or totally drug resistant 

strains in Iran. Chest. 2009; 136: 420-5. 

10- Farnia P, Mohammadi F, Masjedi MR, et al. 

Evaluation of tuberculosis transmission in Tehran: 

using RFLP and Spoligotyping methods. J 

Infection. 2004; 49: 94-101. 

11- Farnia P, Tajadin A, Kargar M, et al. 

Assessment of genetic pattern of mycobacterium 

TB isolated from Iranian and Afghan TB patients 

by means of VNTR typing. J Kurdistan Uni Med 

Sci. 2008; 13: 53-61.  

12- Asgharzadeh M, Khakpour M, Kafil HS,  

et al. Use of mycobacterial interspersed repetitive 

unit � variable �number tandem repeat typing to 

study mycbacterium tuberculosis isolates from 

east Azarbaijan province of Iran. Pakistan J Biol 

Sci. 2007; 10: 3769-77. 

13- Valcheva V, Mokrousov I, Rastogi N, et al. 

Molecular Characterization of mycobacterium 

tuberculosis isolates from different regions of 

Bulgaria. J Clin Microbiol. 2008; 46: 1014-18. 

14- Supply P, Allix C, Lesjean S, et al. Proposal 

for standardization of optimized mycobacterial 

interspersed repetitive unit-variable �number 

tandem repeat typing of mycobacterium 

tuberculosis. J Clin Microbiol. 2006; 44: 4498-

510. 

15- Maes M, Kremer K, Van soolingen D, et al. 

24- Locus MIRU-VNTR genotyping is a useful  

Archive of SID

www.SID.ir

www.SID.ir


�ƱŚƿźƠƘū�ƽŶƸƯƱřŹŚƨưƷ�ƹ� 

ƶƬŬƯ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ��ƽÎÖƵŹŚưƃ����ƽÔÒ���ƱŚŤƀŝŚţÖÍ 

35 

tool to study the molecular epidemiology of 

tuberculosis among Warao Amerindians in 

Venezuela. J Tuberculosis. 2008; 88: 490-4. 

16- Jafarian M, Aghali-Merza M, Farnia M, et al. 

Synchronous comparison of mycobacterium 

tuberculosis epidemiology strains by �MIRU-

VNTR� and �MIRU-VNTR and spoligotyping� 

technique. J Avicenna Med Biotchnol. 2010; 2:  

145-152. 

17- Mirsaeidi M, Tabarsi P, Khoshnood K, et al. 

Treatment of multiple drug-resistant tuberculosis 

(MDR-TB) in Iran. J Infect Dis. 2005; 9: 317-322. 

18- Farnia P, Masjedi MR, Varahram M, et al. 

The recent transmission of Mycobacterium 

tuberculosis strains among Iranian and Afghan 

relapse case: a DNA fingerprinting using RFLP 

and spoligotyping. BMC infect DIS. 2008; 8: 

109-16.  
��

Archive of SID

www.SID.ir

www.SID.ir


ƶƀƿŚƤƯ�ƽƺĮƫř�śŹŚƤţ�ƱřżǀƯ�ƽ�žƿŻƺƬĩźŝƺţ�ƭƺƿźŤĩŚŝƺĪƿŚƯ�ƶƿƺſ�ƾĪǀŤƳĥ�ƽŚƷ 

ƶƬŬƯ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ��ƽÎÖƵŹŚưƃ����ƽÔÒ���ƱŚŤƀŝŚţÖÍ 

36 

Comparison of the Genetic Convergence Degree of Mycobacterium Tuberculosis (TB) 
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Background and Objective: In recent decades, epidemiology has significantly been considered in hygienic studies 

and disease control, and has made a way into all the programs and hygiene policies. By examining the 

convergence of harmful lineage genetic patterns, the common infectious resources among the patients can be 

inferred. The purpose of this study was to compare the Mycobacterium Tuberculosis genetic patterns convergence 

isolated from patients infected with Mycobacterium Tuberculosis by MIRU-VNTR technique.  

Materials and Methods: After isolation the samples from Lowenstein Jensen culture environment and taking 

segregate tests and drug susceptibility, the DNA was extracted using CTAB/Nacl technique. The genetic patterns 

of lineages were calculated according to 12 loci format with MIRU-VNTR technique. Demographic and 

molecular information of patients was used for epidemiological purposes.  

Results: After performing drug sensitivity test, 65/140 (64/4%) samples fall into MDR, 29 (20/7%) samples in 

non MDR category, and the rest of them were among drug � sensitive lineages. Lineage genetic pattern analysis 

indicated that 49 (35%) of samples related to Delhi/CAS, 28 (20%) to Uganda I, 16 (11/4%) to New I, 1 (0.7%) to 

EAI, 3(2/1%) to Haarlem, and 5(3/5%) to H37RV families.  

Conclusion: The genetic pattern convergence comparison exhibited that the most common and variant genetic 

patterns was seen in Tehran province which were mostly connected to south (from the South of Tehran to Azadi 

Square) and to the border cities neighboring Afghanistan, Iraq, Turkmenistan and cities with extreme percentage 

of immigration, all of which signified shared polluted resources among patients.  

 

Keywords: Mycobacterium tuberculosis, MIRU-VNTR, Epidemiology  
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